| INTRODUC TI ON
Monoamniotic (MA) twin pregnancies are at high risk of a range of severe complications, including increased risk of miscarriage, 1,2 fetal malformations, [2] [3] [4] [5] intrauterine or neonatal death 2, [4] [5] [6] and mortality rates as high as 70%. 6, 7 Cord entanglement is considered one of the key reasons for the increased risk of sudden intrauterine fetal death (IUFD) and obstetric management by frequent outpatient (surveillance several times a week) or inpatient (sometimes by continuous fetal surveillance) management has been recommended. 8 Most studies recommend considering preterm delivery by cesarean delivery at or before 33 weeks. 1, 5, 7 Recently, a French center published data supporting frequent outpatient care, continuing the pregnancy beyond 32 weeks and vaginal delivery. 9 These data suggest that management protocols-and likely counseling-of this high-risk group vary considerably between centers.
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The aim of our study was to assess MA pregnancy outcomes by using population-based data that included all MA pregnancies in Denmark over a 10-year period. All pregnant women were offered the same prenatal screening program and were managed by the same obstetric management protocol, which included infrequent outpatient management.
| MATERIAL AND ME THODS
This study included all MA twin pregnancies in Denmark with at least one ultrasound scan during pregnancy, from January 2004 to December 2013. We excluded conjoined twins, pregnancies with higher-order multiples that included MA twin pairs and pregnancies that initially were diagnosed as MA but were later confirmed as diamniotic.
In 2004, a free national prenatal screening program was introduced in Denmark that offered all pregnant women a first trimester (11-13 weeks) ultrasound scan including assessment of amniochorionicity in pregnancies with more than 1 fetus and risk of chromosomal anomalies based on nuchal translucency, maternal age and biochemical factors, as well as a second trimester anomaly scan at 18-21 weeks.
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All Danish obstetric departments use the same fetal medicine database software (ASTRAIA GMBH, Munich, Germany) for prospective registration of data from prenatal screening and diagnosis, and data from the national Danish Fetal Medicine Database are derived from these local ASTRAIA databases. 12 The identification of monoamnionicity was based on the first trimester ultrasound scan if it revealed a single placenta and the absence of a dividing amniotic membrane. All pregnancies were dated using the crown-rump length of the largest twin.
We retrieved detailed information on all MA twin pregnancies by integration of data from three sources: (1) 
| Statistical analyses
All statistical analyses were performed using STATA version 14 (Stata Corp, College Station, TX, USA). Fisher's exact test was used to identify differences in outcomes of the two phases. Survival was illustrated with a Kaplan-Meier curve. The prospective risk of IUFD was calculated as the number of IUFDs occurring after a certain GA divided by the number of live fetuses at this GA.
Key message
Management of monoamniotic twin pregnancies by inpatient or frequent outpatient care has been recommended. Relatively infrequent outpatient controls seems possible and safe in the majority of cases, with 3.8% mortality after 26 weeks.
| Ethical approval
The study was approved by the Danish Data Protection Agency (j.nr.
1-16-02-426-14).

| RE SULTS
During the study period, there were 610 894 deliveries in Denmark, of which 13 316 were twin deliveries. The rate of MA pregnancies was 0.10/1000 deliveries, with 0.46/100 twin deliveries.
Sixty-four MA twin pregnancies were included. One pregnancy was excluded because of missing outcome date due to emigration.
Two pregnancies were excluded due to late diagnosis after 17 weeks of gestation. The final study cohort included 61 MA pregnancies (122 fetuses) ( Figure 1 ). The median GA at the time of diagnosis was 12 +5 weeks (range 9 +2 to 16 +5 weeks).
| Early terminations (before week 18 +0 )
Twenty-six fetuses (13 pregnancies; 21.3%) were terminated because of the MA diagnosis itself, early signs of fetal malformations, or on maternal indication at a median GA of 13 +3 weeks (range 11 +6 to 16 +5 weeks).
| Spontaneous miscarriage (before 22 weeks)
Twenty-five fetuses were lost spontaneously (26%); 18 of these fetuses in 9 pregnancies (14.3%) were lost before 18 weeks. Seven fetuses in 4 pregnancies were lost between 18 +0 and 22 +0 weeks.
One of these fetuses was lost at 19 +0 weeks, 1 week after selective feticide (clamping) of the co-twin because of twin reversed arterial perfusion sequence. The median GA at the time of miscarriage was 15 +3 weeks (range 12 +0 to 21 +3 weeks).
After a normal first trimester scan, there was a 62.5% chance of live births of MA twins and an overall risk of adverse outcome of 37.5%, of which spontaneous miscarriage accounted for 25/36 (69.4%).
| Late terminations (weeks 18 +0 to 22 +0 )
Of the ongoing 71 fetuses, three (4.2%) were terminated after the second trimester scan: two fetuses in one pregnancy were terminated at 22 +0 weeks because of severe TTTS, and 1 fetus underwent clamping of the umbilical cord at week 18 +0 because of twin reversed arterial perfusion sequence.
| Outcome after second trimester anomaly scan
Of the 68 fetuses in 34 pregnancies reaching week 22 +0 , there were eight double IUFDs (four pregnancies) (11.8%) and 60 liveborn children (88.2%) ( Table 1 ). All liveborn children were delivered by cesarean delivery. The timing of IUFD is shown in Figure 2 .
| Outcomes according to management protocol (Figure 1)
In the study cohort, 78 
| IUFD after 22 weeks
Case 3 (in Table 1 The total prospective risk of IUFD according to GA (Figure 3) reached a nadir at 33 weeks (4.2%) and thereafter increased with increasing GA. The median GA at the time of delivery of liveborn children was 33 +0 weeks (range 28 +0 to 36 +2 weeks) in this cohort.
The median birthweight was 1908 g (range 860-2750 g). There were no neonatal deaths.
| Admissions during pregnancy
Seven MA pregnant women were hospitalized at some time after the second trimester scan ( Table 1) . Two of these women were admitted twice (median admission duration 20.5 days). The median admission duration for the remaining five cases was 5 days. 
| Malformations
Three children in three pregnancies were born with minor malformations (3/60, 5.0%): 2 children with talipes and one child with hypospadia.
| D ISCUSS I ON
In this unselected cohort of all MA pregnancies in Denmark over a 10-year period, we found an overall mortality of 37.5% following a normal first trimester scan, which corroborates the high risk of ad- We found that spontaneous miscarriages between the first trimester scan and 22 weeks occurred in 26% of cases, which is similar to the 21% reported by Murata et al. 16 In this study, mortality was 11.8% after the second trimester scan, and all were IUFDs. The GA, gestational age; IUFD, intrauterine fetal death; PPROM, preterm premature rupture of membranes; SGA, small-for-gestational-age; ULS, ultrasound scan.
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literature on mortality risk is conflicting. Dias 3 and Murata 16 reported lower risks, respectively 5.9% (2/34) and 1.7% (1/60) after 20 and 22 weeks, whereas Hack (17%), 15 Heyborne (15.4%) 4 and Demaria (32%) 17 reported higher perinatal mortality rates after 20 weeks. Our findings regarding mortality are consistent with the results reported by Morikawa (10%) 18 and Allen (13.9%), 2 and by the review by Rossi (11.4%) 19 after 22 weeks. Selection bias and differences in malformation rates might partly explain these differences, but some of these adverse outcomes are considered to be unpreventable. The focus in the recent literature has been on management of MA pregnancies especially from the time of viability and on preventable fetal deaths.
Publications on the outcomes and associated recommendations for MA twin pregnancy management represent a wide spectrum, from elective inpatient care from 26 weeks with continuous surveillance or several times daily 6, 8 to outpatient care by biweekly surveillance from 28 weeks 9 and up to four times weekly from 26 to 28 weeks of gestation. 5 In a recent review, Post and Heyborne 6 compared outcomes after contemporary inpatient and frequent outpatient management, and found that elective inpatient care was associated with a fetal death rate of 0.8%, which was significantly lower than 8.1% in the outpatient group. They concluded that contemporary management of MA twin pregnancies should include elective inpatient care from around week 26, depending on the GA limit where the parents would find intervention or delivery to be an option. Hospitalization of a pregnant woman can have a severe negative effect on her family and social life, and is associated with a high degree of loneliness, boredom and powerlessness. 20 Prolonged hospitalization because of obstetric high-risk indications is associated with a >40% risk of depression and anxiety among mentally healthy women. 21, 22 These severe consequences should be considered in the counseling and management of MA twin pregnancies.
The source of data in this study and the access to detailed information on obstetric management and complications ensure the completeness and quality of data in our study. Denmark has a long history of use of national obstetric guidelines and recommendations regarding prenatal diagnostics, which minimize variability in management between hospitals.
The register design of the study carries a risk of registration errors, but this risk has been reduced by the review of medical records.
Another limitation is the lack of more detailed information about neonatal outcome. A further limitation is the small sample size, which is to be expected, as MA twin pregnancy is a rare condition, and our study was not sufficiently powered to detect the optimal time for delivery.
| CON CLUS ION
This study presents data from an unselected cohort of MA pregnancies in a single country over a 10-year period. Mortality was 37.5%
after a normal first trimester scan. In accordance with evidencebased guidelines, more than three-quarters of the study population were managed as outpatients after 26 weeks. Mortality among outpatients was 3.8% after 26 weeks. Although 10 times higher than for singletons, the mortality is not higher than other reported risks in MA pregnancies, and we believe the results of the study support this management protocol. MA pregnancies are associated with a high risk and still more knowledge is needed to be able to predict which pregnancies are at the highest risk of IUFD.
